A nemia is common in nursing home residents, with prevalence rates between 20% and 40%. [1] [2] [3] Although often underappreciated, even mild anemia in the elderly is associated with increased morbidity and mortality. 4, 5 Limited data are available that define the causes of anemia in nursing home residents. Single institutional studies suggest that 40% of anemic residents exhibit iron deficiency anemia (IDA). 1, 3 In older people in general, the causes of anemia vary depending on the clinical setting. In community-dwelling or hospitalized older persons, IDA and chronic inflammation are the most common observed factors. 6 No defined etiology (idiopathic anemia (IA)) has been reported in 15% of such subjects. [7] [8] [9] With the development and usage of serum ferritin and erythropoietin (EPO) assays, more precise anemia classification has become possible. Serum ferritin has proven instrumental in diagnosing IDA 10 and often obviates the need for assessment of iron stores using bone marrow biopsy. Soluble transferrin receptor may have additional utility because it is elevated in IDA but not with the erythroid hypoplasia of chronic inflammation. 11 EPO, a renally secreted glycopeptide hormone that stimulates erythropoiesis, normally rises dramatically in response to anemia. In many chronic conditions, such as cancer and rheumatoid arthritis, 12, 13 the endogenous EPO response to anemia is inadequate, or blunted, to counteract the anemia. Furthermore, conflicting data exist as to whether [14] [15] [16] [17] [18] [19] or not 20, 21 anemic older persons have a relative EPO deficiency.
A multiinstitutional study was conducted to characterize anemia in a diverse population of elderly nursing home residents. 
METHODS

Informed Consent
This study was implemented under the administrative auspices of the National Geriatrics Research Consortium. A centralized institutional review board (IRB) and, when available, a facility-specific IRB approved the protocol. Each subject or guardian provided informed consent. An informational video supplemented the informed consent process.
Subject Selection
An initial chart review of all subjects from five skillednursing facilities was conducted to identify all anemic subjects as defined using World Health Organization criteria (hemoglobin (Hb) o13 g/dL for men and o12 g/ dL for women). Of the 900 evaluable subjects, 433 were anemic. Of those identified as anemic, 100 subjects, 20 from each facility, were randomly selected for further analysis. Additional randomly selected subjects were enrolled when the original lists were exhausted because subjects were unavailable (hospitalized, deceased) or informed consent was not obtained.
Anemia Evaluation
A chart review and laboratory analysis for each enrolled subject was performed. Laboratory testing included complete blood count with differential, reticulocyte count, total bilirubin, gamma glutamyl transpeptidase, aspartate aminotransferase, L-alanine aminotransferase, albumin, iron, total iron binding capacity, ferritin, C-reactive protein (CRP), folic acid, vitamin B 12 , thyrotropin-stimulating hormone, and EPO level. Testing for methylmalonic acid was performed for vitamin B 12 less than 300 pg/mL and for soluble transferrin for ferritin between 18 and 100 ng/mL. Interleukin (IL)-6 was assayed when serum was available. Two investigators (ASA and WBE) independently classified the anemia using the medical history and laboratory parameters. Discrepancies occurred in fewer than 10% of cases, and conflicts were resolved using further data review and consensus development. IDA was determined using iron studies and ferritin, soluble transferrin receptor, and CRP levels. Anemia due to renal insufficiency was diagnosed when the calculated creatinine clearance was less than 30 mL/min (using the Cockcroft formula 22 ) or serum creatinine was greater than 2.0 mg/dL. Although, in some subjects, more than one causative factor was likely (e.g., IDA and chronic inflammation), each subject was given one diagnosis to account for the anemia. IA was diagnosed if no other causative factors were apparent.
Statistical Analysis
Statistical analyses were conducted using NCSS (2000 Version, Cruncher Statistical Systems, Kaysville, UT). Univariate descriptive statistics, including measures of central tendency and dispersion, were calculated for overall demographic and laboratory values and separately by type of anemia. Comparisons between anemia types were calculated with independent t tests (equivalent nonparametric procedures when standard assumptions are not met) for continuous data and chi-square tests for categorical data. Multivariate linear regression modeling techniques were used to explain the association between EPO levels and Hb values while adjusting for age and sex. Because EPO levels were not normally distributed, the natural log of the value was chosen.
RESULTS
Study Subjects
Eighty-three subjects agreed to participate in this study and had laboratory tests completed. Of the 83, 81 had complete and adequate laboratory analysis; of these, laboratory results confirmed anemia in 60 (74%). Of the 60 anemic subjects, 28 (48%) had a charted diagnosis of anemia. The median age was 82 (range 49-94), and 23 (40%) were male. Seventy percent were Caucasian, and 28% were African American.
Causes of Anemia IDA was identified in 14 (23%), anemia of chronic disease in eight (13%), and renal insufficiency in six (10%). A cytopenia outside of the red blood cell lineage led three subjects to be classified with presumed bone marrow failure/myelodysplasia. Other causes of anemia included one subject with hypothyroidism and one with a hemoglobinopathy. No explanation was uncovered in 27 (45%), and these were classified as IA. Of those with moderate anemia, a cause was determined for seven (64%).
Red Blood Cell Parameters
The mean Hb value was 10.5 g/dL (95% confidence interval (CI) 5 10.2-10.8) for women and 11.1 g/dL (95% CI 5 10.6-11.6) for men. Microcytic, normocytic, and macrocytic red blood cell indices were identified in four, 10, and 0 IDA subjects and 0, 24, and three of IA subjects, respectively. More severe anemia, defined as a Hb less than 10 g/dL, was found in 11 (19%) patients. Figure 1 plots EPO levels against hemoglobin for the three most common types of anemia: anemia of chronic disease, idiopathic anemia, and iron-deficiency anemia. Table 1 shows the mean EPO levels for IDA and IA of 29.0 mIU/mL and 14.6 mIU/mL, respectively (Po.001). When adjusting for age, sex, and Hb, there was a significant difference in EPO levels between those with IDA and those with IA (P 5.003). In the anemic residents with adequate renal function (430 mL/min calculated creatinine clearance or serum creatinine 42.0 g/dL), calculated creatinine clearance was independently associated with lower EPO levels when controlling for age, sex, and Hb (P 5.008). Age had no independent effect on Hb for all anemic subjects (P 5.57) or for IA subjects only (P 5.18).
Erythropoietin
Interleukin-6 IL-6 levels were obtained from 32 of 60 samples ( Table 1) . The IL-6 levels were markedly elevated in those with anemia of chronic disease (ACD). Small nonsignificant differences existed between the IL-6 levels of those with IA (8.5 pg/mL) and those with IDA (6.6 pg/mL).
DISCUSSION
This is the first study employing current laboratory assays to rigorously characterize anemia in institutionalized elderly residents. Single institutional studies of nursing home residents using less rigorous criteria have reported IDA in 40% of anemic residents 1, 3 whereas in this study, iron deficiency was found in only 23% of the anemic subjects. One reason less IDA might have been found was the incorporation of the serum ferritin assay, which, despite the limitation of being elevated with inflammation, provides a useful marker of total body iron stores. Previous reports had relied on serum iron, total iron binding capacity, and response to iron therapy. Another, and possibly equally important reason, is the changing profile of nursing home residents. Typically, nursing home residents are more likely to be frail and afflicted with several comorbidities than noninstitutionalized elderly, thereby altering the distribution of anemia types in favor of mechanisms other than simple iron deficiency. It might be postulated that iron deficiency is more frequently recognized, investigated, and treated in the community than in previous surveys.
Only 29% of subjects with a diagnosis of IDA had microcytosis, although they met all other criteria for iron deficiency. The mean serum ferritin was only 22.5 ng/mL, well below the level of 50 ng/mL considered diagnostic of iron deficiency in elderly populations. 10 The absence of the characteristic microcytosis of IDA may reflect the multiplicity of mechanisms accounting for inadequate erythropoiesis in frail populations. It is possible, for example, that inflammatory disease, nutritional inadequacies, or a sluggish EPO response all contribute to the red cell inadequacy, and this combined picture might favor a mixed red cell population, skewing the mean corpuscular volume into a more normal range. Another possibility is that microcytic anemia prompted an evaluation and corrective therapy, whereas normocytic anemia did not, reducing the proportion of microcytic IDA residents. The data suggest that IDA should be considered even in the presence of normocytic anemia.
This survey uncovered fewer-than-expected patients with ACD. This, too, may relate to the more comprehensive analysis undertaken. Frail elderly anemic nursing home residents without obvious cause (e.g., iron, B 12 , folate, or thyroid deficiency; renal failure; myelodysplasia) commonly receive a default diagnosis of ACD disease, but in the current study, based on biochemical markers of inflammation (CRP, IL-6) and chart review, only eight anemic patients met criteria for ACD.
In contrast, IA was found in 27 (45%) anemic residents. Studies in noninstitutionalized elderly persons have demonstrated a 15% prevalence of IA. [7] [8] [9] Although no anemic subjects characterized as idiopathic had apparent abnormalities of white blood cells or platelets based on the peripheral smear, without a bone marrow evaluation, subtle bone marrow failure states cannot be excluded, and perhaps some patients characterized with IA had early myelodysplasia. Reference range:
Modest reductions in glomerular filtration rate are associated with anemia. 23 Thus, to classify IA as a separate entity from the anemia of chronic renal insufficiency (CRI), a stringent CRI definition was employed (o30 mL/min calculated creatinine clearance or serum creatinine 42.0 mg/dL). Of those with IA, the mean serum creatinine was 1.0 mg/dL, and mean calculated creatinine clearance was 57 mL/min, but a low serum EPO level in patients with anemia may in itself be evidence of insufficiency of renal endocrine function. Because renal interstitial cells, not glomeruli or tubular cells, are the source of renal EPO, 24 a disconnect may exist between the capacity for nephron (glomerular and tubular) function and renally mediated homeostasis of erythropoiesis. Alternatively, diminished EPO levels may predict incipient renal deterioration, as has been suggested happens in diabetic nephropathy. 25 Protein-calorie malnutrition is commonly found in nursing home residents and may be associated with anemia. 26, 27 This was investigated as a possible cause for the anemia in the IA group, but the nonanemic and IA residents had similar mean AE standard deviation albumin (3.6 AE 0.3 g/dL and 3.8 AE 0.4 g/dL, respectively) and weight (67.6 AE 16.6 kg and 70.2 AE 21.3 kg, respectively), indicating that protein-calorie malnutrition was unlikely to be responsible for IA in this study. Similarly, and surprisingly, the current study did not detect any patients with vitamin B 12 or folic acid deficiency. This probably reflects common testing for nutrient deficiencies in at-risk populations and the frequent use of vitamin B 12 supplementation.
Awareness of endogenous EPO levels has become instrumental in understanding chronic hypoproliferative anemias. Determining the appropriateness of the EPO response relative to the degree of anemia remains challenging. In healthy young adults, EPO increases dramatically in response to hypoxia or anemia. A blunted response has been well demonstrated in chronic conditions such as cancer and rheumatoid arthritis. 12, 13 Research involving experimental animal models has indicated that erythropoietic response is lower with advancing age. 28, 29 Some clinical trials have suggested lower EPO responsiveness with advancing age, 15, 19 whereas others have not. 20, 21 EPO levels in elderly persons with IA have not been well studied because most prior reports included patients with iron deficiency or chronic inflammation. In older communitydwelling subjects with ''senile'' anemia, defined as lack of iron or B 12 or folate deficiency, another study suggested a blunted EPO response. 17 Similar predictions have been suggested in older persons upon subgroup analysis of those with normocytic anemia. 16 The data from the current study strongly suggest that nursing home residents with IA have a blunted endogenous EPO response. The mean EPO of residents with IA was lower than that of those with IDA, despite similar Hb levels (Po.001). In contrast to those with IDA, univariate analysis of IA shows no correlation with Hb levels, suggesting a lack of responsiveness to declining Hb in this group (Figure 2 ). In the small ACD group, the low mean EPO levels are supportive of reduced responsiveness, whereas in the IDA residents, the elevated mean EPO levels and the relatively strong EPO/Hb correlation indicate some degree of preserved EPO responsiveness. The results are consistent with previous data in noninstitutionalized elderly persons showing less responsiveness in subjects with ACD than in those with IDA (controls). 17, 18 The EPO response in IDA residents may still be inadequate, albeit to a lesser degree than in those with IA. A younger IDA control group would be required to confirm this. For example, one study has shown a lower EPO response in elderly patients with IDA than in younger patients with IDA, but only at Hb values less than 10.0 g/dL. 15 The blunted EPO response appears to play an important, if not central role, in the high prevalence of IA found in this population. It is possible that shortened red blood cell survival, occult blood loss, or subtle nutrient deficiencies may serve as erythropoietic stressors for which the EPO response is inadequate. Alternatively, a primary deficiency in EPO secretion might result in reduced Hb levels independent of other causes of anemia. Whether primary or secondary, a major question is what accounts for the observed EPO deficiency in those with IA. A potential explanation relates the observed cytokine dysregulation with age, 9 including circulating levels of proinflammatory cytokines, which have been shown under experimental circumstances to inhibit erythropoiesis. 30 Cytokine dysregulation alone is not sufficient to completely explain IA, because CRP and IL-6 were the same or higher in IDA residents who did respond with elevated EPO levels. This suggests that high levels of inflammation are not solely implicated. A more complete cytokine evaluation, including IL-1 and tumor necrosis factor, is needed to better evaluate the role of an age-related dysregulation of these inflammatory mediators in the pathogenesis of IA. Bone marrow unresponsiveness is an unlikely explanation for IA. If marrow failure were common, EPO levels would be expected to be high, not low as was observed. It is believed that age alone does not reduce bone marrow responsiveness, at least to pharmacological doses of exogenous recombinant human EPO. 21, 31 Bone marrow unresponsiveness is often a prominent feature in cancer patients, in whom elevated levels of endogenous EPO, albeit lower than in matched iron-deficient patients, are often found.
In summary, IA is the most common type of anemia in elderly nursing home residents, and this is due, at least in part, to a blunted EPO response. The mechanism of inadequate EPO response requires more study, specifically applying more sensitive measures of renal function and a complete cytokine evaluation. With recombinant human erythropoietin (rHuEPO) clinically available, practical considerations for treatment options arise. The issue becomes more germane because compelling evidence has demonstrated that correction of anemia associated with many chronic conditions decreases morbidity and possibly mortality. A rationale for interventional trials exists considering the high prevalence of IA and its associated EPO deficiency: a clinical situation similar to the anemia of advanced renal disease. Furthermore, rHuEPO in moderate renal insufficiency not only corrects anemia but may also slow progression of renal failure. 32 Improvement of anemia with low doses of rHuEPO, such as used in renal failure, would provide further evidence that low EPO levels, rather than bone marrow unresponsiveness, are implicated in elderly nursing home residents.
